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(54) AC generator for vehicle 

(57) In an AC generator for vehicle a housing (2) is 
formed at one end thereof with an end plate portion 
(2b), a plurality of axial cooling liquid passages (20) are 
provided in a body portion (2a) of the housing (2), and a 
circumferential cooling liquid passage (21) and a radial 
cooling liquid passage (22) each connecting the axial 
cooling liquid passages (20) adjacent to each other are 
provided in an axial end face of the housing (2) and the 
end plate portion (2b), respectively. 
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Description 

FIELD OF THE INVENTION 

[0001 ] This invention relates to an AC generator for 
vehicle which is to be driven by an engine of a vehicle 
and particularly to the technology to cool heating por- 
tions of the AC generator. 

BACKGROUND OF THE INVENTION 

[0002] A general AC generator for vehicle com- 
prises a housing in which a stator including stator cores 
and stator coils wound thereon is fitted, a rotor including 
a rotary shaft and pole cores fitted thereon, field coils by 
which the pole cores are magnetized, brackets for sup- 
porting the rotor through bearings, a rectifier, and a volt- 
age regulator, the rotor being supported at the 
neighborhood of opposite ends thereof through the 
bearings so as to be able to rotate inside the stator. 
Main heating portions of this type of AC generator for 
vehicle are the stator cores, stator coils, rectifier, voltage 
regulator and so on. 

[0003] An example of cooling means of the AC gen- 
erator for vehicle is disclosed in J P-A- 10-225060. It is 
disclosed in this publication that the cooling means 
comprises a first cooling liquid passage through which a 
cooling liquid is made to flow and which is provided 
around a stator, e.g. a passage provided in the wall of a 
housing, and a second cooling liquid passage through 
which the cooling liquid is made to flow and which is 
provided around a rectifier and a voltage regulator, e.g. 
a passage provided in a bracket to which the rectifier 
and the voltage regulator are to be mounted, the first 
and second cooling liquid passages being connected in 
series. It is also disclosed that a third cooling liquid pas- 
sage is provided in another bracket and connected to 
the second cooling liquid passage through the first cool- 
ing liquid passage. 

[0004] In the prior art described above, however, 
the cooling liquid passages are provided separately in 
the housing, the front bracket and the rear bracket, so 
that the structure is complicated. This gave rise to the 
problems of an increase in the mass of parts and a rise 
in the cost needed for connecting the cooling liquid pas- 



shaft of the rotor and a passage connecting the axial 
passages so as to be able to cool heating portions 
effectively. 

[0007] According to the invention, the cooling pas- 
5 sage can be integrally formed in the housing, and there- 
fore the cooling passage becomes simple in structure 
and easy to assemble, and the heating portions can be 
cooled effectively. 

w BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 



SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to pro- 
vide an AC generator for vehicle in which a cooling liq- 
uid passage simple in structure and easy to assemble is 
provided and heating portions can be cooled effectively. 
[0006] In order to achieve the above object, in an 
AC generator for vehicle according to the invention, a 
housing enclosing a rotor and a stator is integrally 
formed therein with a plurality of axial passages through 
which a liquid is made to flow in the direction of a rotary 
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Fig. 1 is a vertically sectioned side view showing an 
AC generator for vehicle according to a first embod- 
iment of the present invention; 
Figs. 2 are side and front views of a housing shown 
in Fig. 1; 

Fig. 3 is a perspective view showing an example of 
molded cooling pipe; 

Fig. 4 is a perspective view showing another exam- 
ple of molded cooling pipe; 
Fig. 5 is a vertically sectioned side view showing a 
second embodiment of the AC generator for vehicle 
according to the invention; 

Fig. 6 is a vertically sectioned side view showing a 
third embodiment of the AC generator for vehicle 
according to the invention; and 
Fig. 7 is a vertically sectioned side view showing a 
fourth embodiment of the AC generator for vehicle 
according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] An AC generator for vehicle according to a 
first embodiment of the present invention will be 
described below with reference to Figs. 1 to 4. 
[0010] Fig. 1 is a vertically sectioned side view of 
the AC generator 1 for vehicle according to this embod- 
iment. A substantially cylindrical housing 2 is formed by 
die casting process, for example. In a body portion (side 
wall portion) 2a of the housing 2, a stator 5 formed by 
winding stator coils 4 on stator cores 3 is fitted by a fit- 
ting method, such as shrinkage fit, press fit, and so on. 
[0011] The stator coils 4 are partly or entirely cov- 
ered with good thermal conductive resins 50a, 50b of 
relatively high thermal conductivity such as silicone 
resin, and so on, and furthermore the good thermal con- 
ductive resins 50a, 50b are partly brought into close 
contact with the inner peripheral surface of the housing 
2. However, it is also possible that the stator 5 is fitted in 
the housing 2 and then the spaces defined by the hous- 
ing 2 and the stator coils 4 are filled with a good thermal 
conductive resin 50 so that the stator coils 4 are partly 
or entirely covered. In that case, moreover, it is possible 
to fill also the spaces around the stator coils 4 wound on 
the inner portions of the stator cores 3 with the good 
thermal conductive resin 50. Incidentally, the materials 
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of the good thermal conductive resin 50, portions to be 
filled with the resin 50 and amounts of application of the 
resin 50 can be selected arbitrarily depending on the 
amounts of heat generated by the stator cores 3 and the 
stator coils 4. s 

[0012] A bracket 6 is fitted to one (front) end of the 
housing 2 through a seal 51a so as to cover this end 
and fixed to the housing 2 with bolts (not shown), for 
example. Meanwhile, a back plate 7 is fitted to the other 
(rear) end of the housing 2 through a seal 51b and fur- w 
ther a rear cover 8 is fitted to the back plate 7 So as to 
cover it and then the back plate 7 and the rear cover 8 
are integrally fixed to the housing 2 by means of screws, 
bolts and so on (not shown), for example. 
[0013] As will be described later, the back plate 7 is 
functions as a cover for covering concave (or groove- 
shaped) radial cooling liquid passages formed in an end 
plate portion 2b of the housing 2, that is, as a passage 
cover member or a groove cover member. 
[0014] Moreover, a rectifier 30 is fixed to the back 20 
plate 7, and a brush peripheral equipment 41 and a volt- 
age regulator 31 and so on are fixed to the end plate 
portion 2b formed integrally with the housing, respec- 
tively, by means of screws, bolts and so on (not shown). 
Inside the stator 5 is disposed a rotor 12 comprising a 25 
rotary shaft 9, two pole cores 1 0a, 1 0b fitted by press fit, 
for example, on the rotary shaft 9 in such positions so as 
to approximately face the inner peripheral surface of the 
stator 5, and field coils 1 1 wound on the pole cores 10a, 
10b. The rotor 12 is supported by bearing holder por- 30 
tions 14a, 14b of the bracket 6 and the housing 2 
through bearings 13a, 13b so as to be able to rotate 
inside the stator 5. 

[0015] A pulley 40 is fitted on an end of the rotary 
shaft 9 projecting out of the bracket 6 and fixed thereto 35 
by means of bolts (not shown), for example. Further, the 
housing 2 and the bracket 6 are integrally provided with 
legs 46a, 46b by which the AC generator 1 for vehicle 
can be mounted on an engine of the vehicle (not 
shown). 40 
[001 6] In the wall of the body portion (side wall por- 
tion) 2a of the housing 2, a plurality of axial cooling liq- 
uid passages 20 almost parallel to the rotary shaft 9 are 
arranged at intervals in the circumferential direction. 
Pairs of adjacent axial cooling liquid passages 20 are 45 
connected by turns at their front and rear end portions 
so that the cooling liquid is made to flow axially through 
each pair of adjacent passages in opposite directions 
and is made to flow through all the axial cooling liquid 
passages 20 formed in the body portion (side wall por- so 
tion) 2a of the housing 2 in order. For this purpose, in 
one (front) end portion of the housing 2 to which the 
bracket 6 is fitted, grooveshaped circumferential cooling 
liquid passages 21 concaved in the direction of the 
rotary shaft 9 are formed in the front end surface of the ss 
body portion (side wall portion) 2a of the housing 2 so 
as to connect the pairs of adjacent axial cooling liquid 
passages 20. Meanwhile, in the rear end portion of the 



housing 2, groove-shaped radial cooling liquid pas- 
sages 22 concaved in the direction of the rotary shaft 9 
are formed in the outer surface of the end plate portion 
2b extending from the body portion (side wall portion) 
2a toward the inner rotary shaft 9 so as to connect other 
pairs of adjacent axial cooling liquid passages 20 than 
the pairs of adjacent axial cooling liquid passages 20 
connected by the circumferential cooling liquid pas- 
sages 21. 

[0017] The circumferential cooling liquid passages 
21 are covered with the seal 51a and the bracket 6, 
while the radial cooling liquid passages 22 are covered 
with the seal 51b and the back plate 7. The series cool- 
ing liquid passage composed of these cooling liquid 
passages 21, 22 and the axial cooling liquid passages 
20 is filled with a cooling liquid 23. 
[0018] Incidentally, if the housing 2 is formed by die 
casting process, the axial cooling liquid passages 20. 
the circumferential cooling liquid passages 21 and the 
radial cooling liquid passages 22 can be formed easily 
without performing any special machining process. 
[0019] Now, circulation of the cooling liquid 23 will 
be described by referring to Figs. 2. Figs. 2 show the 
housing 2 formed with the axial cooling liquid passages 
20, the circumferential cooling liquid passages 21 and 
the radial cooling liquid passages 22 in side view as 
viewed from the side (from the direction perpendicular 
to the rotary shaft), in front view as viewed from the front 
in the direction of the rotary shaft, and in front view as 
viewed from the back in the direction of the rotary shaft. 
[0020] One 20b of the axial cooling liquid passages 
20 is provided therein with a partition portion 24 so that 
the passage is separated into two parts, one part (on 
the front side in this embodiment) being formed with a 
cooling liquid inlet port 25 and the other part (on the rear 
side in this embodiment) being formed with a cooling liq- 
uid outlet port 26. 

[0021 ] Further, in this embodiment, eight axial cool- 
ing liquid passages 20 (20a - 20h) are provided so that 
four pairs of adjacent axial cooling liquid passages are 
connected by four circumferential cooling liquid pas- 
sages 21a, 21b, 21c and 21d, respectively. 
[0022] Moreover, other pairs of adjacent axial cool- 
ing liquid passages 20 that are not connected by the cir- 
cumferential cooling liquid passages 21 are connected 
by four radial cooling liquid passages 22a, 22b, 22c and 
22d, respectively. 

[0023] Incidentally, concerning the number of axial 
cooling liquid passages 20, if it is an even number such 
as four, six, eight, ten, and so on, the cooling liquid inlet 
port 25 and the cooling liquid outlet port 16 can be 
formed close to each other in the same manner as this 
embodiment. Further, if it is an odd number such as 
three, five, seven, nine, and so on, the cooling liquid 
inlet port 25 and the cooling liquid outlet port 26 can be 
formed in the separate axial cooling liquid passages 20 
adjacent to each other, respectively, so that it is not nec- 
essary to provide the partition portion 24 in the axial 
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cooling liquid passage 20. 

[0024] The positions where the cooling liquid inlet 
port 25 and the cooling liquid outlet port 26 are formed 
greatly depend on the structure of the engine of the 
vehicle (not shown), and therefore, it is possible to arbi- 5 
trarily select the positions where the cooling liquid inlet 
port 25 and the cooling liquid outlet port 26 are to be 
formed and, further, the number of axial cooling liquid 
passages 20 according to these circumstances. At this 
time, the numbers of circumferential cooling liquid pas- 10 
sages 21 and of radial cooling liquid passages 22 vary 
with the number of axial cooling liquid passages 20. 
[0025] In Fig. 2, the cooling liquid 23 caused to 
come in through the cooling liquid inlet port 25 by the 
operation of an external cooling liquid circulating appa- 15 
ratus (not shown) is made to flow through the cooling 
liquid passage in the direction shown by arrow marks 
until it circulates through the whole cooling liquid pas- 
sage, and then it finally flows out through the cooling liq- 
uid outlet port 26 so as to be returned to the external 20 
cooling liquid circulating apparatus. In that case, in the 
portion (rear end portion) of the housing 2 to which the 
back plate 7 is fitted, the cooling liquid 23 in the axial 
cooling liquid passage 20 is made to flow into the radial 
cooling liquid passage 22 and then into the next axial 25 
cooling liquid passage 20 again. 
[0026] In Fig. 1 , the rotational driving force of the 
engine mounted on the vehicle (not shown) is transmit- 
ted through a belt and the like (not shown) to the pulley 
40 so as to cause the rotor 1 2 to rotate inside the stator 30 
5. At this time, the pole cores 10a, 10b have been mag- 
netized with a predetermined polarity, respectively, by 
supplying current to the field coils 11, and therefore if 
the rotor 12 rotates inside the stator 5, an electromotive 
force is produced by the stator coils 4, resulting in gen- 35 
eration of electric power. 

[0027] With this generation of electric power, the 
stator coils 4 produce heat proportional to the square of 
the current that flows, and the stator cores 3 produce 
heat attributed to eddy current caused by the electro- 40 
magnetic induction of the line of magnetic force that 
passes therethrough. Further, also at the rectifier 30 
used to convert an alternating current output obtained 
by the generation of electric power to a direct current 
output and at the voltage regulator 31 used for control- 45 
ling the amount of current that will be supplied to the 
field coils 1 1 , heat is produced according to the amount 
of current that flows. 

[0028] In the AC generator 1 for vehicle according 
to this embodiment, the cooling liquid passage is so 
formed as described above and the cooling liquid 23 is 
made to circulate therethrough. Therefore, in Fig. 1, the 
heat generated at the stator coils 4 is transferred 
through the good thermal conductive resins 50a, 50b to 
the housing 2 and the stator cores 3, and the heat gen- 55 
erated at the stator cores 3 is transferred directly to the 
housing 2, where the heat is further transferred to the 
cooling liquid 23 so as to be absorbed. On the other 



hand, the heat generated at the rectifier 30 is trans- 
ferred through the back plate 7 to the cooling liquid 23 
so as to be absorbed. 

[0029] Moreover, the voltage regulator 31 is kept in 
contact with the rear cover 8 through a good thermal 
conductive member 52 of relatively high thermal con- 
ductivity as shown in Fig. 1 , and therefore the heat gen- 
erated at the voltage regulator 31 is transferred through 
the good thermal conductive member 52 to the rear 
cover 8 whose temperature is relatively low so as to be 
absorbed and radiated. 

[0030] In the way described above, it is possible to 
avoid the extreme temperature rise in various portions, 
and therefore it becomes possible for the AC generator 
1 for vehicle to fulfil a predetermined function continu- 
ously 

[0031] Incidentally, the heat generated at the field 
coils 1 1 may become a problem depending on the situ- 
ation, and however, in the AC generator 1 for vehicle 
according to this embodiment, air gaps 42a, 42b, 42c 
and 42d defined between the bracket 6 and the pole 
core 10a and between the housing 2 and the pole core 
10b are made small as shown in Fig. 1 so that the heat 
generated at the field coils 11 is transferred from the 
pole cores 10a, 10b through an air layer in the air gaps 
42a, 42b, 42c 42d to the bracket 6 and the housing 2 so 
as to be absorbed or radiated. 

[0032] It is noted that the size of the air gaps 42 
needs to be made small to such a degree that the pole 
cores 10a, 10b can be prevented from coming into con- 
tact with the bracket 6 and the housing 2, preferably in 
the range of 0.5 to 1 .5 mm. 

[0033] Meanwhile, part of the heat generated at the 
field coils 11 is transferred through the pole cores 10a, 
10b to the rotary shaft 9 as well from which it is further 
transferred to the bearings 13a, 13b, the pulley 40 and 
so on so as to be absorbed, thus performing the cooling. 
In connection with this, in order to absorb or radiate the 
heat transferred to the rotary shaft 9 and the heat gen- 
erated at the bearings 13a, 13b by themselves, a good 
thermal conductive member (such as silicone resin, and 
so on) may be inserted between the rear end of the 
bearing holder portion 1 4b of the housing 2 and the rear 
cover 8. 

[0034] Further, in the AC generator 1 for vehicle 
according to this embodiment, through-hole portions 43 
substantially in the same shape as the circumferential 
cooling liquid passages 21 are formed in the seal 51a 
provided between the housing 2 and the bracket 6 in 
such positions so as to face the circumferential cooling 
liquid passages 21 , and therefore it is possible to make 
the cooling liquid 23 come into direct contact with part of 
the bracket 6 in a liquid tight manner as shown in Fig. 1 . 
This makes it possible to promote the cooling of the 
bracket 6 and, further, of the pole core 10a kept in con- 
tact therewith through the air layer in the air gaps 42. 
[0035] Similarly, through-hole portions 43 substan- 
tially in the same shape as the radial cooling liquid pas- 
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sages 22 are formed in the seal 51b provided between 
the housing 2 and the back plate 7 in such positions so 
as to face the radial cooling liquid passages 22, and 
therefore it is possible to make the cooling liquid 23 
come into direct contact with part of the back plate 7 in 5 
a liquid tight manner as shown in Fig. 1. This makes it 
possible to promote the cooling of the back plate 7 and, 
further of the rectifier 30 fixed thereto. 
[0036] However, if the amount of heat generated at 
various heating portions including the field coils is small, 10 
there is no need to make the cooling liquid 23 come into 
direct contact with the bracket 6 and the back plate 7, 
and therefore it is not always necessary to form the 
through-hole portions 43 in the seals 51a, 51b. 
[0037] Moreover, in the AC generator 1 for vehicle 15 
according to this embodiment, out of the four radial 
cooling liquid passages 22a, 22b, 22c and 22d, the rec- 
tifier 30 is disposed in the vicinity of the radial cooling 
liquid passage 22d into which the cooling liquid 23 com- 
ing in through the cooling liquid inlet port 25 is made to 20 
flow first after passing through the axial cooling liquid 
passage 20h, the circumferential cooling liquid passage 
(not shown) and the axial cooling liquid passage 20g. 
Therefore, the rectifier 30 can be cooled with the cooling 
liquid 23 of relatively low temperature fed from the exter- 25 
nal cooling liquid circulating apparatus (not shown), 
thereby making it possible to lower the heat resistance 
of the rectifier 30 as compared with that of the stator 
coils 4. 

[0038] In other words, it is advisable that the mem- 30 
bers or parts are arranged on the upstream side of the 
cooling liquid passage in the order of reaching a high 
temperature or requiring a high cooling effect. In this 
case, by interchanging the cooling liquid inlet port 25 
and the cooling liquid outlet port 26 with each other, that 35 
is, by providing the cooling liquid inlet port in the place 
of the cooling liquid outlet port 26 and providing the 
cooling liquid outlet port in the place of the cooling liquid 
inlet port 25 in this embodiment, it is possible to make 
the cooling liquid 23 flow in the vicinity of the rectifier 30 40 
disposed at the rear of the AC generator 1 for vehicle by 
the shortest route. 

[0039] As described above, concerning the con- 
struction of the cooling liquid passage, the number of 
the axial cooling liquid passages 20, the positions of the 45 
cooling liquid inlet port 25 and the cooling liquid outlet 
port 26, and so on are not limited to those of this 
embodiment, but they can be changed according to var- 
ious circumstances related to the cooling such as the 
heat resistance of each part, and so on. so 
[0040] Further, in the AC generator 1 for vehicle 
according to this embodiment, the cooling liquid pas- 
sage may be provided with an orifice at an arbitrary 
position therein so as to measure the flow rate of the 
cooling liquid 23 flowing through the cooling liquid pas- ss 
sage based on the differential pressure across the ori- 
fice. This makes is possible to optimally control the flow 
rate of the cooling liquid 23 that will come in the cooling 
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liquid passage from the external cooling liquid circulat- 
ing apparatus (not shown) according to the amount of 
heat generated at various heating portions. Incidentally, 
the voltage regulator 31 may be provided with a temper- 
ature sensor so as to measure the temperatures of var- 
ious elements (not shown) constituting the voltage 
regulator 31 , in which case the flow rate of the cooling 
liquid 23 can be adjusted according to the results of this 
measurement. 

[0041] In the present embodiment, the bearing 
holder portion 14b extending backwards from the end 
plate portion 2b of the housing 2 along the rotary shaft 
9 may be separated from the end plate portion 2b of the 
housing 2 and it may be formed integrally with the back 
plate 7 to form a rear bracket. In this case, the structure 
of the rear portion (rear end portion) of the housing 2 
can be simplified while maintaining the above-men- 
tioned cooling liquid passage structure, so that the die- 
casting mold, casting mold and so on for the housing 2 
can be simplified. Therefore, the production cost con- 
cerning this matter can be cut down. 
[0042] In addition, in the AC generator 1 for vehicle 
according to this embodiment, the axial cooling liquid 
passages 20 may be formed in the wall of the housing 2 
in such a manner that a plurality of cooling pipes 27 
shown in Figs. 3, 4 are placed in the mold when forming 
the housing 2 by die-casting process, casting process, 
and so on. Through holes 28, 28a - 28e shown in Figs. 
3, 4 will constitute the axial cooling liquid passages 20 
when the housing 2 is formed. The cooling pipes 27 are 
integrally cast in the wall of the housing 2, and therefore 
it is not necessary to form the axial cooling liquid pas- 
sages 20 directly in the housing 2, and accordingly the 
die-casting mold, casting mold and so on for the hous- 
ing 2, which are not shown, can be simplified. In conse- 
quence, the production cost concerning this matter can 
be cut down. 

[0043] Moreover, changing the configuration of the 
cooling pipe 27 makes it possible to form the axial cool- 
ing liquid passage 20 into an arbitrary shape without 
being applied with manufacture restrictions related to 
the die-casting process, casting process, and so on, so 
that the construction of the cooling liquid passage can 
be optimized, and therefore it is possible to use the 
housing 2 in common even for other AC generator 1 for 
vehicle with different amount of heat generated. Further, 
even when the housing 2 is made thinner for achieving 
lightweight, the cooling liquid pipe 27 will make sure of 
the liquid-tightness, and therefore it is possible to obtain 
another effect that the leakage of the cooling liquid 23 
can be prevented. 

[0044] Description will be given below of a second 
embodiment of the AC generator for vehicle according 
to the present invention with reference to Fig. 5. 
[0045] Fig. 5 is a vertically sectioned side view 
showing the AC generator 1 for vehicle according to this 
embodiment. It is noted that the same portions as those 
in Fig. 1 are designated by the same reference numer- 
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ais and description thereof will be omitted. The AC gen- 
erator 1 for vehicle according to this embodiment differs 
from the AC generator 1 for vehicle shown in Fig. 1 in 
that field cores 1 7 on which the field coils 1 1 are wound 
are fitted in the end plate portion 2b of the housing, that 
the field coils 1 1 are not wound on the pole core 1 0, that 
the brush peripheral equipment 41 through which elec- 
tric current is applied to the field coils 11 is not provided, 
and that the voltage regulator 31 is fixed to the back 
plate 7. 

[0046] However, the amount of heat generated at 
various portions at the time of generating electricity is 
not at all different from the case of the AC generator 1 
for vehicle shown in Fig. 1 , so that the heating portions, 
that is, the stator cores 3, the stator coils 4, the rectifier 
30 and the voltage regulator 31 can be cooled by form- 
ing the same cooling liquid passage, and furthermore it 
is possible to improve the cooling efficiency, since the 
voltage regulator 31 is fixed to the back plate 7. 
[0047] Description will be given below of a third 
embodiment of the AC generator 1 for vehicle according 
to the invention with reference to Fig. 6. 
[0048] Fig. 6 is a vertically sectioned side view 
showing the AC generator 1 for vehicle according to this 
embodiment. It is noted that the same portions as those 
in Fig. 1 are designated by the same reference numer- 
als and description thereof will be omitted. The AC gen- 
erator 1 for vehicle according to this embodiment differs 
from the AC generator 1 for vehicle shown in Fig. 1 in 
that the pole core 10a is provided with a cooling fan 18 
on an end surface thereof adjacent to the bracket 6, and 
that the bracket 6 is formed therein with fresh air inlet 
ports 44a, 44b and fresh air outlet ports 45a, 45b. Since 
the cooling fan 18 is provided, there are formed no very 
small air gaps 42a, 42d between the bracket 6 and the 
pole core 10a. 

[0049] In this embodiment, the cooling fan 18 is 
rotated with the rotor 1 2 as one body, so that fresh air of 
relatively low temperature is caused to flow in through 
the fresh air inlet ports 44a, 44b and then flow out 
through the fresh air outlet ports 45a, 45b while cooling 
part of the stator coils 4 as shown by arrow marks in Fig. 
6, and therefore the cooling efficiency is improved and 
hence the reliability can be further improved. 
[0050] Moreover, the cooling fan may be provided 
also on the end face of the pole core 10b. In this case, 
there will be formed no very small air gaps 42b, 42c 
between the pole core 10b and the end plate portion 2b 
of the housing 2. The cooling fens provided on the front 
and rear of the pole cores 10a and 10b are rotated with 
the rotor 12 as one body, so that the air in the space 
defined by the housing 2, the bracket 6 and so on is 
caused to flow to thereby promote the heat conduction 
and radiation, and therefore the cooling efficiency is 
improved and hence the reliability can be further 
improved. 

[0051] Description will be given below of a fourth 
embodiment of the AC generator 1 for vehicle according 



to the invention with reference to Fig. 7. 
[0052] Fig. 7 is a vertically sectioned side view 
showing the AC generator 1 for vehicle according to this 
embodiment. It is noted that the same portions as those 

5 in Fig. 1 are designated by the same reference numer- 
als and description thereof will be omitted. The AC gen- 
erator 1 for vehicle according to this embodiment differs 
from the AC generator 1 for vehicle shown in Fig. 1 in 
that the circumferential cooling liquid passages 21 and 

10 the radial cooling liquid passages 22 are formed liquid- 
tightly in the wall of the end plate portion 2b, and that no 
back plate 7 is fitted to the housing 2 and hence no 
seals 51a, 51b are provided. 

[0053] In the AC generator 1 for vehicle according 
15 to this embodiment, it is not necessary to liquid-tightly 
cover the axial cooling liquid passages 20, the circum- 
ferential cooling liquid passages 21 and the radial cool- 
ing liquid passages 22 and hence there is no need to 
provide the parts and the seals 51 used for covering 
20 them in a liquid tight manner, and therefore it is possible 
to cut down the production cost. Further, the leakage of 
the cooling liquid 23 to the inside of the AC generator 1 
for vehicle caused by the deterioration of the seals 51 
and the like can be kept at a relatively small amount, 
25 and therefore it is possible to further improve the reliabil- 
ity. 

[0054] Incidentally, the circumferential cooling liquid 
passages 21 and the radial cooling liquid passages 22 
can be easily formed provided that, when forming the 

30 housing 2 by die-casting process, casting process, and 
so on, cores, lost wax or the like formed in the same 
shape as the radial cooling liquid passages 22, which 
are not shown, are inserted in the corresponding por- 
tions of the wall of the end plate portion 2b. Either the 

35 circumferential cooling liquid passages 21 or the radial 
cooling liquid passages 22 may be formed in the same 
manner as those of the embodiment shown in Fig. 1 . 
[0055] Description of the first to fourth embodi- 
ments of the AC generator 1 for vehicle according to the 

40 invention has been made above, and however it is pos- 
sible to suitably combine the constructions described in 
the aforementioned embodiments depending on the cir- 
cumstances, such as the required cooling efficiency and 
reliability, the cost needed for production, and so on. 

45 Incidentally, in some cases, the rotor 12 may be pro- 
vided with a permanent magnet in order to make sure of 
a higher output of the AC generator 1 for vehicle, in 
which cases it is possible to maintain the high output 
constantly without demagnetizing the permanent mag- 

50 net, because the AC generator 1 for vehicle according 
to the invention is excellent in cooling efficiency as men- 
tioned above and hence the rotor 12 can be cooled 
effectively. 



1 . An AC generator for vehicle having a rotor (1 2) and 
a stator (5) to generate electricity by relative motion 
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of said rotor and said stator, comprising: a housing 
(2) enclosing said rotor and said stator; and a plu- 
rality of axial passages (20) formed in said housing 
at intervals in the circumferential direction, through 
which a fluid is made to flow in the direction of a 5 
rotary shaft of said rotor, 

wherein said housing has integrally formed therein 
a passage (21, 22) by means of which said axial 
passages (20) are connected. 

10 

2. An AC generator as defined in claim 1 , wherein one 
of axial end faces of said housing is extended 
toward said rotary shaft to form an end plate portion 
(2b) in which a passage (22, 22c, 22d) curving to 
said rotary shaft is formed to connect said axial 15 
passages. 

3. An AC generator as defined in claim 2, wherein the 
passage formed in said end plate portion is com- 
posed of a concave portion formed in an outer sur- 20 
face of the end plate portion and a cover member 

(7) covering said concave portion. 

4. An AC generator as defined in claim 3, wherein a 
rectifier (30) is disposed on said cover member. 25 

5. An AC generator as defined in claim 3, wherein a 
passage connecting said axial passages is formed 
in such a manner that a concave portion is formed 

in the other end face of said housing than that 30 
formed with said end plate portion so as to connect 
said axial passages and covered with a bracket (6) 
for covering said end face. 

6. An AC generator as defined in either of claims 3 35 
and 5, the passage connecting said axial passages 

is covered with said cover member and said bracket 
through a seal member (51a, b). 

7. An AC generator as defined in claim 2, wherein said 40 
end plate portion is provided with a bearing holder 
portion (14b) for supporting said rotary shaft. 

8. An AC generator as defined in claim 1 , wherein said 
axial passages are formed by a cooling pipe placed 45 
in a mold when forming said housing by casting 
process. 

9. An AC generator as defined in either of claims 3 
and 5, wherein the passage connecting said axial so 
passages is provided in said housing in a liquid tight 
manner. 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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46a 



13 



EP 1 037 361 A1 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 10 3453 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION <lnt.Cl-7) 


X 
Y 


WO 97 44882 A (ABB DAIMLER BENZ TRANSP 
;NEUD0RFER HARALD (AT); GUKENBIEHL KARL 
LU) 27 November 1997 (1997-11-27) 

* abstract * 

* page 4, line 1 - page 6, line 16; 
figures * 


1,8 

o ~r o 

2-7,9 


H02K5/20 
H02K9/19 


Y,D 


PATENT ABSTRACTS OF JAPAN 
vol. 1998, no. 13, 
30 November 1998 (1998-11-30) 
-& JP 10 225060 A (HITACHI LTD), 
21 August 1998 (1998-08-21) 
* abstract * 


2-7,9 




X 
A 


EP 0 589 187 A (LICENTIA GMBH) 

30 March 1994 (1994-03-30) 

* column 2, line 14 - column 3, line 47; 

figures * 


1 

6 




X 


PATENT ABSTRACTS OF JAPAN 


1 






vol . 1996, no. 04, 

30 April 1996 (1996-04-30) 

-& JP 07 336946 A (FUJI ELECTRIC CO LTD), 

22 December 1995 (1995-12-22) 

* abstract. * 




TECHNICAL FIELDS 
SEARCHED (lnt.Cl.7) 






H02K 


A 


FR 2 717 640 A (VALE0 EQUIP ELECTR M0TEUR) 
22 September 1995 (1995-09-22) 
* abstract; figures * 


c 




A 


DE 41 04 740 A (VALE0 EQUIP ELECTR M0TEUR) 
29 August 1991 (1991-08-29) 
* abstract; figures * 


2 




The present search report has been drawn up for all claims 







Place of search 

THE HAGUE 



Data of compteH on of tfw seajch 

17 July 2000 



Examiner 

Zanlchelll, F 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non -written disclosure 
P : intermediate document 



T : theory or prtncfcie underlying the invention 
E : earlier patent document, but published on. or 

after the filing date 
O : document cited In the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



14 



EP 1 037 361 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 10 3453 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search reoort 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

17-07-2000 



Patent document 
cited in search report 


Publication 
date 


Patent family 
memberfs) 


Publication 
date 


WO 9744882 


A 


27-11-1997 


AU 

cz 

EP 
PL 


2756697 
9704225 
0858692 
324455 


A 
A 
A 
A 


09-12-1997 

18- 03-1998 

19- 08-1998 
25-05-1998 


JP 10225060 


A 


21-08-1998 


NONE 








EP 0589187 


A 


30-03-1994 


DE 
AT 
DE 
0E 


4231921 
153193 
4229395 
59306441 


A 

T 
A 
D 


31-03-1994 
15-05-1997 
10-03-1994 
19-06-1997 


JP 07336946 


A 


22-12-1995 


NONE 








FR 2717640 


A 


22-09-1995 


NONE 








OE 4104740 


A 


29-08-1991 


FR 


2658959 


A 


30-08-1991 



i For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



15 



